Inter-relationships between traditional dental variables are becoming more evident in far reaching aspects of life, such as psychosocial interaction, self-esteem, overall health and even occupational performance. This study compares quality of life (QoL) in postmenopausal women (PMW) with poor oral health (POH) with QoL in PMW with good oral health. A total of 200 randomly recruited PMW received a dental evaluation and completed the Utian Quality of Life Survey. The participants were divided into POH and healthy groups based on a dental exam. Mean scores were calculated for each QoL item, domain and the overall summary score. For each of the four parameters for periodontitis diagnosis, periodontitis b s patients' QoL outcomes were compared to those of healthy patients using a T-test with a threshold of significance at p < 0.05. QoL in all fields measured was significantly poorer in the POH patients compared to the healthy patients: occupational score (19.95 ± 5.35 vs. 27.56 ± 6.13), health score (18.02 ± 8.23 vs. 26.59 ± 6.45), emotional score (15.68 ± 10.22 vs. 21.15 ± 9.15), sexual score (6.2 ± 5.98 vs. 10.02 ± 5.35), and total score (60.21 ± 25.85 vs. 84.26 ± 22.35). This study finds that PMW with POH report significantly poorer quality of life. Clinicians caring for PMW should be aware that oral health impacts QoL and make appropriate referral decisions for patients' dental care.
Introduction
The effect of oral health on quality of life (QoL) is emerging as a valuable area of investigation. The World Health Organization considers oral-health to have a far-reaching impact on QoL [1] . As dentists, we identify that a healthy smile has much to do with psychosocial interaction, self-esteem, and relationships. Comfortable functioning, free of pathology, has always been the goal of the clinical profession, but now this thought process is converging with evidence-based research [2] .
However, inter-relationships between and among traditional variables, such as caries and periodontitis and pulpitis diagnosis, with the more current direction of patient-centered subjective QoL, has not yet been elucidated for different populations. Much of the dental research around QoL has centered on child and adolescent populations having developmental abnormalities such as clefts [3] . Investigations around caries prevention and control focus on access to care, in a backdrop of developing countries or economically challenged areas of the United States [4] [5] [6] [7] .
The relatively healthy, ambulatory patients, who make up the majority of dental practices have not been a focus.
On the other hand, investigations focused on the effect of esthetics on QoL tend to focus on the lower third of the face, not just the teeth and surrounding tissues, and have been dominated by medical journals. These studies shine a light on the far-reaching relevance of esthetics on the lives of postmenopausal women [8] [9] [10] [11] . Although most of these take a closer look at soft tissues of the lips and extraoral tissues, investigations by plastic surgeons conclude that postmenopausal women specifically, are driven to facial esthetics focusing on the lower third of the face as opposed to other women who tend to focus esthetic demands on the skin and nose [12] .
With women living longer and more vibrant lives than ever, investigating this as a specific population is useful.
Dental measurement instruments, such as the Oral Health Impact Profiles (OHIP), are used to measure oral-health-related QoL. However, OHIP, and other instruments like it, address functional limitations associated with acute presentations, such as difficulty pronouncing words, physical pain and disability. Mostly, patients suffering from chronic periodontitis or untreated decay do not present with such an obvious, acute presentation that would compromise speech or generate pain and disability. Esthetic complaints likewise impact psychosocial endpoints. Reports suggest that even in the absence of acute presentation, the dental condition impacts QoL as a more complex interaction; chronic conditions and esthetic complaints deviate from the norm, establishing a "new normal" which is a QoL compromise [13] [14] [15] . Similarly, dental interventions involving implants to replace lost teeth improve QoL [16] .
Dental studies on oral disease management commonly examine the subject on the basis of pathogenesis, risk factors, treatment efficacy and outcome. These measurements involve clinical variables and not individual patient perspective as the focus of investigations. From 1950 to 2013, the majority of QoL papers and research models are based on "sick-role" related theories and do not readily embrace biopsychosocial theories of health. More recently, there has been a switch in this pattern. Outcomes such as esthetics, comfort etc., are subjective and are difficult to measure. As such, more objectively identifiable parameters around oral disease are being selected to make poor oral health and control groupings. The outcome measurement presumes that the effect of the more subjective outcomes will be identified by the questionnaire and then tied to the groupings. There is no precedent that the authors could find on a better way to create a dividing line between poor oral health and the control groups [17] . These dental focused instruments only tangentially address occupational, psychosocial and systemic health related endpoints. It stands to reason that any chronic low-grade disease produces a wide range of effects that over time would tax these dimensions of wellness. More importantly, the OHIP and other dentally focused instruments are not validated in postmenopausal women. QoL is understood to be imprecisely defined, and has misleading conclusions. How postmenopausal women with poor oral hygiene perceive QoL versus healthy controls is not reported. This study compares QoL in postmenopausal women with poor oral health with those with good oral health.
Methods
A total of 200 randomly selected subjects from the Case Western Reserve University/Cleveland Clinic Postmenopausal Wellness Collaboration (CCCPW) participated in this cross-sectional investigation. Informed consent was obtained from all participants. The CCCPW database includes over 900 participant samples with comprehensive oral examination dates from January 2002 to October 2014. In this database, all participants are defined as postmenopausal by either natural or surgical/medical means.
Each participant received a comprehensive oral exam, as defined by the American Dental Association, including a comprehensive periodontal charting, as defined by the American Academy of Periodontology from a panel of board certified periodontists [18, 19] . Examiners are calibrated annually to an electronic force controlled probe. Inter-and intra-examiner calibration statistics are shown to have no significant difference (p < 0.05) in Table 1 . A comprehensive oral examination includes health history, a review of prescriptions the patient is using, extra-oral head and neck exam, intra-oral examination including a review of all restorations, screening for decay, and radiographic review. The periodontal exam includes periodontal probing using a North Carolina Probe with millimeter markings such that six sites per tooth are probed with 25 N force; third molars are excluded, recording the percentage of sites which have bleeding on probing; locations of the gingival margin and mucogingival junction, and plaque score. Furcation involvement is noted if there is any. Based on exam outcomes, participants were given the designation of poor oral health if they met at least one of the following criteria: (1) whole mouth mean clinical attachment loss (CAL) ≥3 mm which denotes the loss of structures, periodontal ligament, cementum and alveolar bone, this is a direct measure of periodontal disease; (2) single highest probing depth in the mouth ≥5 mm; the most severe pocketing without the washout effect of a mean; (3) >5 surfaces of untreated decay; (4) any site of decay to the extent of radiographically apparent pulpal involvement. 
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Utian Quality of Life Survey
Participants completed the Utian QoL questionnaire, with a scale indicating the extent to which the test question is experienced. The items are combined into domains including occupational, health, emotional, and sexual, resulting in a total overall summary score (additive method). This survey has been validated and shown to be reliable and reproducible [20] .
Analysis
For each of the four criteria designated for poor oral health, QoL outcomes of the poor oral health group were compared to those of the healthy group using T-test with a threshold of significance at p < 0.05. Logistic regression for related variables (Body Mass Index (BMI), low bone mass, tobacco use, hormone replacement, bone sparing medications and diabetes) are expressed in terms of p value.
Results
A total of 110 participants met one of the four designated criteria for poor oral health. A breakdown of each criterion is found in Table 2 . Ten poor oral health group patients had more than one qualifying criterion. There is no significant difference in age between the group with poor oral health and the control. Participant demographics are noted in Table 3 . Participants differed for characteristics including diabetes, use of bone sparing medications, tobacco and high BMI. It is of note that some participants used more than one bone sparing medication. Therefore, the sum of the fields in the bone sparing medications column of Table 3 adds up to more than the number of participants. Similarly, four participants did not report tobacco use and that field reflects this lack of participation. Table 4 reflects dental characteristics of the participants. Notably, probe depth was not significantly associated with plaque score, or frequency of visits and these dental characteristics are not significantly different between groups. Poor Oral Health (sum of the above) 120 Table 5 compares QoL scores in the poor oral health group versus the control across the four domains and overall. The Poor Oral Health (POH) group has a significantly different occupational, health, emotional and sexual score. The overall score is also significantly different between the groups. 
Discussion
Findings show that QoL is worse in the poor oral health group versus the healthy controls in the dimensions of occupational, health, emotional, and sexual scores. Not surprisingly, then, the total score also shows that QoL is worse in the poor oral health group. This is in line with the World Health Organization (WHO)'s decision to portray QoL images beyond just pain-free living, but rather with esthetic images showing attractive smiles as its image of enhanced well-being. The American Dental Association echoes this sentiment as it cites an emerging sense of consumerism among the users of dental care services; people are becoming more astute purchasers of health care and seek to retain their teeth using mostly out-of-pocket spending [21] . That is to say, dental services aim at restoring comfort, function and esthetics. In light of this angle, it is not surprising that our survey finds that those who lack such wellness are disadvantaged when QoL is reflected in seemingly far-off domains, such as occupational, health, emotional and sexual scores. It is well documented that oral health is potentially linked to many systemic diseases, such as diabetes, heart disease and stroke in addition to poor pregnancy outcomes [22] [23] [24] . Being overweight and obesity lie at the intersection of these conditions. It is not surprising that the results show significant differences in low, medium and high BMI participants.
Since the underlying mechanisms of the oral systemic disease link are foundational, the authors of this study interpret that they have an impact on more far reaching areas of function. Poor oral health can affect occupational QoL though the presence of chronic pain, persistent discomfort to a point which would affect performance and satisfaction with work. The American Academy of Pain Medicine notes that the burden of pain is felt in various components of everyday life and quantifies productivity losses as a consequence of it [25] . Similarly, perceived esthetic compromise is reportedly associated with anxiety and depression in children and adolescents; it is easily extrapolated to adults, especially in light of long-term studies of patients with craniofacial abnormalities which elucidate results of lower facial esthetics in adulthood [26, 27] . It is therefore understandable how poor oral health could contribute to a social self-consciousness, having its endpoints in sexual and emotional fields.
Post hoc analysis shows some significant odds ratios for poor oral health. Tobacco users have a 31% (CI 95%; 0.71, 0.58) greater rate of poor oral health and diabetics are at a 5.2 (CI 5.21%; 1.75, 15.45) times greater risk of having poor oral health. This is consistent with the consensus in dental literature that tobacco causes various oral health diseases, and that diabetes is a risk for oral diseases [28, 29] . However, in a departure from the majority of dental literature, race does not significantly affect the odds of poor oral health [30] [31] [32] . One possible explanation for this departure is that in this study the participants are drawn from the CCCPW, a database where all participants have access to both medical and dental care. The participant profile does not reflect a random sampling of the community, but rather a more limited socio-economic group that has access to care. It also supports the assertion made recently by Burgette et al that oral health literacy plays a key role and suggests that if socioeconomics is controlled, race alone does not confer poor oral health risk [33] .
The odds of poor oral health in postmenopausal women who use bone sparing medications are 21% (CI 95% 0.11, 0.41). Differing dental health complications have been linked to different medications, for example, bleeding gums have been associated with hormones, and osteonecrosis has been associated with Intravenous (IV) bisphosphonates [34, 35] . The differing effect of each of the different bone sparing medications is beyond the scope of the current study, but is an interesting focus for future research, focused on women.
This study is provocative because it focuses on a population which is not well studied in dentistry: postmenopausal women. According to Forbes magazine, women, particularly in this age group, are the world's most powerful consumers. It is even suggested that women have been a traditionally blind spot for businesses, and the demographic should be studied specifically, as one would a foreign market [36] . Future studies are needed to compare the effect of race, education and socio-economic status within this population.
This study is also unique because it looks beyond these measures to the correlates in psychosocial arenas provided by an instrument which is validated in this specific population.
A recent paper critically examined the different models for oral health, representing oral health related QoL, and found that despite a multitude of representations of concepts, dental research has remained linear in portraying the consequences of disease as the absence of disease, dysfunction and disability [37] .
Conclusions
This study finds that postmenopausal women with poor oral health, report significantly poorer quality of life. This is reflected across dimensions of occupational, health, emotional, and sexual health. Since poor oral health has broad impacts, clinicians caring for postmenopausal women should be aware of the importance of oral health and make appropriate decisions to refer to a periodontist for patients' care needs when it is indicated.
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